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(57) ABSTRACT

A protective film forming composition for forming a pro-
tective film that protects an inorganic film formed on a
surface of a semiconductor substrate against wet etching, the
protective film forming composition including:
a polymer having a partial structure represented by For-
mula (A) and a solvent.
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In Formula (A), R, is an (n+2)-valent organic group, R, is a
hydrogen atom or an alkyl group having 1 to 13 carbon
atoms which may be substituted with a substituent, n is 1 or
2, and * is a bond.
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PROTECTIVE FILM FORMING
COMPOSITION

TECHNICAL FIELD

[0001] The present invention relates to a composition for
forming a protective film excellent in resistance particularly
to a semiconductor wet etching solution in a lithography
process in semiconductor manufacturing. The present inven-
tion also relates to a protective film formed of the compo-
sition, a method for manufacturing a substrate with a resist
pattern to which the protective film is applied, and a method
for manufacturing a semiconductor device.

BACKGROUND ART

[0002] In semiconductor manufacturing, a lithography
process that includes providing a resist underlayer film
between a substrate and a resist film formed on the substrate
and forming a resist pattern having a desired shape is widely
known. The substrate is processed after the resist pattern is
formed, and dry etching is mainly used as the process, but
wet etching may be used for substrates of certain kinds.
Patent Literature 1 discloses a resist underlayer film material
having resistance to an alkaline hydrogen peroxide solution.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: JP 2018-173520 A
SUMMARY OF INVENTION
Technical Problem
[0004] When a protective film for a semiconductor sub-

strate is formed using a protective film forming composition,
and a base substrate is processed by wet etching using the
protective film as an etching mask, the protective film is
required to have a good masking performance (that is, the
masked portion can protect the substrate) against a semi-
conductor wet etching solution and resistance to a solvent
contained in a resist composition (solvent resistance). In
addition, it is required to fill a microstructure, which has
been miniaturized, on a semiconductor substrate with a resin
without voids.

[0005] The present invention has been made in view of the
above circumstances, and an object of the present invention
is to provide a protective film forming composition capable
of filling a microstructure with a resin without voids, and
capable of forming a protective film excellent in resistance
to a semiconductor wet etching solution and excellent in
resistance to a solvent contained in a resist composition.
Another object of the present invention is to provide a
protective film formed of the protective film forming com-
position, a method for manufacturing a substrate with a
resist pattern to which the protective film is applied, and a
method for manufacturing a semiconductor device.

Solution to Problem

[0006] As a result of intensive studies to solve the above-
described problems, the present inventors have found that
the above-described problems can be solved by introducing
a partial structure represented by Formula (A) into a poly-
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mer contained in a protective film forming composition, and
have completed the present invention.

[0007] That is, the present invention includes the follow-
ing aspects.

[0008] [1] A protective film forming composition for
forming a protective film that protects an inorganic film
formed on a surface of a semiconductor substrate
against wet etching, the protective film forming com-
position including:

[0009] a polymer having a partial structure represented
by Formula (A) and a solvent,

Formula (A)
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[0010] in Formula (A), R, is an (n+2)-valent organic
group, R, is a hydrogen atom or an alkyl group having
1 to 13 carbon atoms which may be substituted with at
least one group selected from the group consisting of an
alkoxy group having 1 to 13 carbon atoms, an alkyl-
carbonyloxy group having 2 to 13 carbon atoms, an
alkoxycarbonyl group having 2 to 13 carbon atoms, an
alkylthio group having 1 to 13 carbon atoms, a nitro
group, an alkylsulfonyloxy group having 1 to 13 carbon
atoms, and an alkoxysulfonyl group having 1 to 13
carbon atoms, n is 1 or 2, when n is 2, two R, may be
same or different, and * is a bond.

[0011] [2] The protective film forming composition
according to [1], wherein the polymer has a repeating
unit represented by Formula (1):
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- o o —
Il Il H OH H H OH H
Sooec o LT |1
N T T T T
,I,\ A Ay Az Ay As Ag
c=0
I
0
I
R
SN————,

[0012] in Formula (1), A, A,, A5, A,, A, and A, are
each independently a hydrogen atom, a methyl group,
or an ethyl group, Q is a divalent organic group, R, is
an (n+2)-valent organic group, R, is a hydrogen atom
or an alkyl group having 1 to 13 carbon atoms which
may be substituted with at least one group selected
from the group consisting of an alkoxy group having 1
to 13 carbon atoms, an alkylcarbonyloxy group having
2 to 13 carbon atoms, an alkoxycarbonyl group having
2 to 13 carbon atoms, an alkylthio group having 1 to 13
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carbon atoms, a nitro group, an alkylsulfonyloxy group
having 1 to 13 carbon atoms, and an alkoxysulfonyl
group having 1 to 13 carbon atoms, n is 1 or 2, and
when n is 2, two R, may be same or different.

[0013] [3] The protective film forming composition
according to [1] or [2], wherein the polymer further has
a partial structure represented by Formula (B) different
from the partial structure represented by Formula (A),

Formula (B)
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[0014] in Formula (B), Ru is a divalent organic group,
and * is a bond.

[0015] [4] The protective film forming composition
according to [2] or [3], wherein Q in Formula (1) is a
divalent organic group represented by Formula (3):
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[0016] in Formula (3), X, is a divalent group repre-
sented by Formula (4), Formula (5), or Formula (6), Z,
and 7, are each independently a direct bond or a
divalent group represented by Formula (7), and * is a
bond,

®
)

[0017] wherein in Formulas (4) and (5), R; and R, are
each independently a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms which may be interrupted
by an oxygen atom or a sulfur atom, an alkenyl group
having 2 to 10 carbon atoms which may be interrupted
by an oxygen atom or a sulfur atom, an alkynyl group
having 2 to 10 carbon atoms which may be interrupted
by an oxygen atom or a sulfur atom, a benzyl group, or
a phenyl group, the phenyl group may be substituted
with at least one monovalent group selected from the
group consisting of an alkyl group having 1 to 6 carbon
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atoms, a halogen atom, an alkoxy group having 1 to 6
carbon atoms, a nitro group, a cyano group, and an
alkylthio group having 1 to 6 carbon atoms, R; and R,
may be bonded to each other to form a ring having 3 to
6 carbon atoms, * is a bond, *1 is a bond bonded to a
carbon atom, and *2 is a bond bonded to a nitrogen
atom,

[0018] wherein in Formula (6), Rs is a hydrogen atom,
an alkyl group having 1 to 10 carbon atoms which may
be interrupted by an oxygen atom or a sulfur atom, an
alkenyl group having 2 to 10 carbon atoms which may
be interrupted by an oxygen atom or a sulfur atom, an
alkynyl group having 2 to 10 carbon atoms which may
be interrupted by an oxygen atom or a sulfur atom, a
benzyl group, or a phenyl group, the phenyl group may
be substituted with at least one monovalent group
selected from the group consisting of an alkyl group
having 1 to 6 carbon atoms, a halogen atom, an alkoxy
group having 1 to 6 carbon atoms, a nitro group, a
cyano group, and an alkylthio group having 1 to 6
carbon atoms, *1 is a bond bonded to a carbon atom,
and *2 is a bond bonded to a nitrogen atom,

JﬁJ—P
*3—F CHy ot C4—F O F Cly 4

[0019] in Formula (7), m1 is an integer of 0 to 4, m2 is
Oor1,m3is 0 or 1, m4 is an integer of 0 to 2, provided
that when m3 is 1, m1 and m2 do not simultaneously
become 0, *3 is a bond bonded to a nitrogen atom, and
*4 is a bond bonded to a carbon atom.

Q)

[0020] [5] The protective film forming composition
according to any one of [1] to [4], further including a
crosslinking agent.

[0021] [6] The protective film forming composition
according to any one of [1] to [5], further including a
compound that is at least one of a compound repre-
sented by Formula (1a) and a compound represented by
Formula (1b):

(1a)
HO,
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[0022] inFormulas (1a)and (1b), R, is a single bond, an
alkylene group having 1 to 4 carbon atoms, or an
alkenylene group having 2 to 4 carbon atoms which has
one or two carbon-carbon double bonds, k is 0 or 1, m
is an integer of 1 to 3, and n is an integer of 2 to 4.
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[0023] [7] A protective film against a semiconductor
wet etching solution, the protective film being a baked
product of a coating film formed of the protective film
forming composition according to any one of [1] to [6].

[0024] [8] A method for manufacturing a substrate with
a protective film, the method including a step of apply-
ing the protective film forming composition according
to any one of [1] to [6] onto a semiconductor substrate
having steps and baking the protective film forming
composition to form the protective film.

[0025] [9] A method for manufacturing a substrate with
a resist pattern that is used in semiconductor manufac-
turing, the method including:

[0026] a step of applying the protective film forming
composition according to any one of [1] to [6] onto a
semiconductor substrate and baking the protective film
forming composition to form a protective film as a
resist underlayer film; and

[0027] a step of forming a resist film directly on the
protective film or with another layer interposed
between the resist film and the protective film, and then
performing exposure and development to form the
resist pattern.

[0028] [10] A method for manufacturing a semiconduc-
tor device, the method including: a step of forming a
protective film using the protective film forming com-
position according to any one of [1] to [6] on a
semiconductor substrate having an inorganic film
formed on a surface; a step of forming a resist pattern
directly on the protective film or with another layer
interposed between the resist pattern and the protective
film; a step of dry etching the protective film using the
resist pattern as a mask to expose a surface of the
inorganic film; and a step of wet etching and cleaning
the inorganic film with a semiconductor wet etching
solution using the protective film after dry etching as a
mask.

Advantageous Effects of Invention

[0029] According to the present invention, it is possible to
provide a protective film forming composition capable of
filling a microstructure with a resin without voids, and
capable of forming a protective film excellent in resistance
to a semiconductor wet etching solution and excellent in
resistance to a solvent contained in a resist composition.
Further, according to the present invention, it is possible to
provide a protective film formed of the protective film
forming composition, a method for manufacturing a sub-
strate with a resist pattern to which the protective film is
applied, and a method for manufacturing a semiconductor
device.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIG. 1 is a schematic view of a cross-sectional
shape of trenches.

[0031] FIG. 2 is a cross-sectional photograph (SEM pho-
tograph) of trenches in which a protective film of Example
5 is formed.

[0032] FIG. 3 is a cross-sectional photograph (SEM pho-
tograph) of a case of filling failure.
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DESCRIPTION OF EMBODIMENTS

(Protective Film Forming Composition)

[0033] The protective film forming composition of the
present invention is a composition for forming a protective
film.

[0034] The protective film is a protective film that protects
an inorganic film formed on a surface of a semiconductor
substrate against wet etching.

[0035] The protective film forming composition contains a
polymer and a solvent.

<Polymer>

[0036] The polymer contained in the protective film form-
ing composition has a partial structure represented by For-
mula (A).

<<Formula (A)>>
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[0037] In Formula (A), R, is an (n+2)-valent organic
group, R, is a hydrogen atom or an alkyl group having 1 to
13 carbon atoms which may be substituted with at least one
group selected from the group consisting of an alkoxy group
having 1 to 13 carbon atoms, an alkylcarbonyloxy group
having 2 to 13 carbon atoms, an alkoxycarbonyl group
having 2 to 13 carbon atoms, an alkylthio group having 1 to
13 carbon atoms, a nitro group, an alkylsulfonyloxy group
having 1 to 13 carbon atoms, and an alkoxysulfonyl group
having 1 to 13 carbon atoms, n is 1 or 2, when n is 2, two
R, may be the same or different, and * is a bond.

[0038] The bond in Formula (A) is preferably bonded to a
carbon atom.

<<Formula (1)>>

[0039] The polymer preferably has a repeating unit rep-
resented by Formula (1). For example, the partial structure
represented by Formula (A) is a part of the repeating unit
represented by Formula (1).

Formula (1)
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4
[0040] InFormula (1), A, A,, A;, AL, As, and Ag are each -continued
independently a hydrogen atom, a methyl group, or an ethyl .
group, Q is a divalent organic group, R, is an (n+2)-valent N
organic group, R, is a hydrogen atom or an alkyl group . *
having 1 to 13 carbon atoms which may be substituted with
at least one group selected from the group consisting of an

alkoxy group having 1 to 13 carbon atoms, an alkylcarbo-
nyloxy group having 2 to 13 carbon atoms, an alkoxycar-

bonyl group having 2 to 13 carbon atoms, an alkylthio group *

having 1 to 13 carbon atoms, a nitro group, an alkylsulfo- #

nyloxy group having 1 to 13 carbon atoms, and an alkox- # o "
ysulfonyl group having 1 to 13 carbon atoms, nis 1 or 2, and N

when n is 2, two R, may be the same or different. .

<<<R >>> .
[0041] In Formula (A) and Formula (1), R, is an (n+2)- :

valent organic group. ¢ *

[0042] The number of carbon atoms of the (n+2)-valent * *
organic group is not particularly limited, but is preferably 2

to 30, more preferably 4 to 20, and particularly preferably 4 .

to 15. .

*

[0043] The (n+2)-valent organic group preferably has an
aromatic hydrocarbon ring or an aliphatic hydrocarbon ring.
Examples of the aromatic hydrocarbon ring include a ben-
zene ring, a naphthalene ring, and an anthracene ring.
Examples of the aliphatic hydrocarbon ring include a
cyclobutane ring, a cyclopentane ring, and a cyclohexane
ring. * *
[0044] Examples of R, include the following trivalent

organic groups. The following trivalent organic group may .

be substituted with an alkyl group, an alkylcarbonyl group, CH; )
ahydroxy group, an alkoxy group, an alkoxycarbonyl group, * . *
a halogen atom, a nitro group, a combination of two or more

thereof, or the like. In each formula below, * is a bond.

*
*

%

.
2
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-continued -continued
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-continued -continued

. . . x3)
(x-4)

. (x-6)
* * ) Q * * (X_7)
. * N *
* . B *
Q /
. !,
. . (x-8)
[0045] The trivalent organic group is preferably a trivalent m
organic group represented by the following formula. # *
x-9)
» /
g
[R?] *
(x-10)
[0046] In the formula, q is an integer of O to 3, R, is an
alkyl group having 1 to 6 carbon atoms or an alkoxy group . .
having 6 carbon atoms or less, provided that when q is 2 or (x-11)

3, R, may be the same or different, and * is a bond. # #

[0047] Examples of R, include the following tetravalent

organic groups. * *
n=1~12

1IR3 D ) )
R' R
J T
* *
*

(x-12)

(x-13)

x2)

[0048] In Formulas (x-1) to (x-13), R' to R* are each
# - independently a hydrogen atom, a halogen atom, an alkyl
group having 1 to 6 carbon atoms, an alkenyl group having
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2 to 6 carbon atoms, an alkynyl group having 2 to 6 carbon
atoms, a monovalent organic group having 1 to 6 carbon
atoms which has a fluorine atom, or a phenyl group, R and
R® are each independently a hydrogen atom or a methyl
group, and * is a bond.

e\ RN
]
(X3-2)
) x AN AN ~
({04
NS 7 |~ N

[0049] In Formulas (X3-1) and (X3-2), x and y are each
independently a single bond, an ether bond, a carbonyl
group, an ester bond, an alkanediyl group having 1 to 5
carbon atoms, 1,4-phenylene, a sulfonyl bond, or an amide
group, j and k are integers of 0 or 1, and * is a bond.

X3-1)

. . Xr-1)
Xr-2)
. (Xr-3)
(Xe-4)
FC  CF
(Xr-5)

e}

[0}
* *
O—¢CH 35— O
* *
n=2-6
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-continued

* N=NQ*
*
*
’ Q
*
1-2

(Xr-6)

Xr-7)

o0

n=1-

[0050] Herein, * is a bond.

[0051] The tetravalent organic group represented by For-
mula (X3-1) or (X3-2) may have a structure represented by
any one of Formulas (X3-3) to (X3-19).

X3-3)
* * X34
. . (X3-5)
(X3-6)
X3-7)
n=1~6
(X3-8)

* 0O, *
*Ij/ *
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-continued
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-continued
(X3-18)
O
*
[¢] @]
* ' *
(@)
*
n=1~2
(X3-19)
O
* *
(@]

[0052] Herein, * is a bond.
<<<R,>>>
[0053] In Formula (A) and Formula (1), R, is a hydrogen

atom or an optionally substituted alkyl group having 1 to 13
carbon atoms.

[0054] The alkyl group having 1 to 13 carbon atoms may
be substituted with at least one group selected from the
group consisting of an alkoxy group having 1 to 13 carbon
atoms, an alkylcarbonyloxy group having 2 to 13 carbon
atoms, an alkoxycarbonyl group having 2 to 13 carbon
atoms, an alkylthio group having 1 to 13 carbon atoms, a
nitro group, an alkylsulfonyloxy group having 1 to 13
carbon atoms, and an alkoxysulfonyl group having 1 to 13
carbon atoms.

[0055] The alkyl group having 1 to 13 carbon atoms is
preferably an alkyl group having 1 to 8 carbon atoms, and
more preferably an alkyl group having 1 to 6 carbon atoms.
[0056] The alkoxy group having 1 to 13 carbon atoms is
preferably an alkoxy group having 1 to 8 carbon atoms, and
more preferably an alkoxy group having 1 to 6 carbon
atoms.

[0057] The alkylcarbonyloxy group having 2 to 13 carbon
atoms is preferably an alkylcarbonyloxy group having 2 to
8 carbon atoms, and more preferably an alkylcarbonyloxy
group having 2 to 6 carbon atoms.

[0058] The alkoxycarbonyl group having 2 to 13 carbon
atoms is preferably an alkoxycarbonyl group having 2 to 8
carbon atoms, and more preferably an alkoxycarbonyl group
having 2 to 6 carbon atoms.

[0059] The alkylthio group having 1 to 13 carbon atoms is
preferably an alkylthio group having 1 to 8 carbon atoms,
and more preferably an alkylthio group having 1 to 6 carbon
atoms.

[0060] The alkylsulfonyloxy group having 1 to 13 carbon
atoms is preferably an alkylsulfonyloxy group having 1 to 8
carbon atoms, and more preferably an alkylsulfonyloxy
group having 1 to 6 carbon atoms.

[0061] The alkoxysulfonyl group having 1 to 13 carbon
atoms is preferably an alkoxysulfonyl group having 1 to 8
carbon atoms, and more preferably an alkoxysulfonyl group
having 1 to 6 carbon atoms.
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[0062] In the present description, the alkyl group is not
limited to a linear form, and may be a branched form or a
cyclic form. Examples of the linear or branched alkyl group
include a methyl group, an ethyl group, an isopropyl group,
a tert-butyl group, and a n-hexyl group. Examples of the
cyclic alkyl group (cycloalkyl group) include a cyclobutyl
group, a cyclopentyl group, and a cyclohexyl group.

[0063] In the present description, examples of the alkoxy
group include a methoxy group, an ethoxy group, a n-pen-
tyloxy group, and an isopropoxy group.

[0064] In the present description, examples of the alkyl-
carbonyloxy group include a methylcarbonyloxy group and
an ethylcarbonyloxy group.

[0065] In the present description, examples of the alkoxy-
carbonyl group include a methoxycarbonyl group, an
ethoxycarbonyl group, and an isopropoxycarbonyl group.

[0066] In the present description, examples of the alkyl-
thio group include a methylthio group, an ethylthio group, a
n-pentylthio group, and an isopropylthio group.

[0067] In the present description, examples of the alkenyl
group include an ethenyl group, a 1-propenyl group, a
2-propenyl group, a 1-methyl-1-ethenyl group, a 1-butenyl
group, a 2-butenyl group, a 3-butenyl group, a 2-methyl-1-
propenyl group, and a 2-methyl-2-propenyl group.

[0068] In the present description, examples of the alkynyl
group include groups in which a double bond of the alkenyl
groups listed above as “alkenyl group” is replaced with a
triple bond.

[0069] In the present description, examples of the halogen
atom include a fluorine atom, a chlorine atom, a bromine
atom, and an iodine atom.

[0070] R, is preferably an alkyl group having 1 to 13
carbon atoms or an alkyl group having 1 to 13 carbon atoms
substituted with an alkoxy group having 1 to 13 carbon
atoms from the viewpoint that the effect of the present
invention is suitably obtained.

[0071] When n is 2, two R, are preferably the same.
<<<Q>>>
[0072] In Formula (1), Q is a divalent organic group. The

divalent organic group is not particularly limited, but is
preferably a divalent organic group having a hetero atom,
and more preferably a divalent organic group having a
nitrogen atom and an oxygen atom. Examples of the hetero
atom include a nitrogen atom, an oxygen atom, and a sulfur
atom.

[0073] The number of carbon atoms in the divalent
organic group is not particularly limited, but is preferably 3
to 30, and more preferably 3 to 20.

[0074] Examples of Q include a divalent organic group
represented by Formula (2) and a divalent organic group
represented by Formula (3). Among them, a divalent organic
group represented by Formula (3) is preferable from the
viewpoint that the effect of the present invention is suitably
obtained.

2 Q2 @
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[0075] In Formula (2),
[0076] Q,is
[0077] a direct bond,
[0078] a divalent organic group represented by For-
mula (3),
[0079] an alkylene group having 1 to 10 carbon
atoms which may be interrupted by —O—, —S—,
or —S—S—,
[0080] an alkenylene group having 2 to 6 carbon

atoms which may be interrupted by —O—, —S—,
or —S—S—, or

[0081] a divalent organic group having at least one
alicyclic hydrocarbon ring having 3 to 10 carbon
atoms or an aromatic hydrocarbon ring having 6 to
14 carbon atoms which may be interrupted by
—0O—, —S—, or —S—S—,

[0082] the divalent organic group may be substituted
with at least one group selected from the group
consisting of an alkyl group having 1 to 6 carbon
atoms, an alkenyl group having 2 to 6 carbon atoms,
an alkynyl group having 2 to 6 carbon atoms, a
halogen atom, a hydroxy group, a nitro group, a
cyano group, a methylidene group, an alkoxy group
having 1 to 6 carbon atoms, an alkoxycarbonyl group
having 1 to 6 carbon atoms, and an alkylthio group
having 1 to 6 carbon atoms,

[0083] Z, and Z, are each —COO—, —OCO—,
—O—, or —S—, and * is a bond.

&)

[0084] In Formula (3), X, is a divalent group represented
by Formula (4), Formula (5), or Formula (6), Z, and Z,, are
each independently a direct bond or a divalent group rep-
resented by Formula (7), and * is a bond.

@)

®)

©)

[0085] In Formulas (4) and (5), R, and R, are each
independently a hydrogen atom, an alkyl group having 1 to
10 carbon atoms which may be interrupted by an oxygen
atom or a sulfur atom, an alkenyl group having 2 to 10
carbon atoms which may be interrupted by an oxygen atom
or a sulfur atom, an alkynyl group having 2 to 10 carbon
atoms which may be interrupted by an oxygen atom or a
sulfur atom, a benzyl group, or a phenyl group, the phenyl
group may be substituted with at least one monovalent group
selected from the group consisting of an alkyl group having



US 2025/0155813 Al

1 to 6 carbon atoms, a halogen atom, an alkoxy group having
1 to 6 carbon atoms, a nitro group, a cyano group, and an
alkylthio group having 1 to 6 carbon atoms, R; and R, may
be bonded to each other to form a ring having 3 to 6 carbon
atoms, * is a bond, *1 is a bond bonded to a carbon atom,
and *2 is a bond bonded to a nitrogen atom.

[0086] In Formula (6), Rs is a hydrogen atom, an alkyl
group having 1 to 10 carbon atoms which may be interrupted
by an oxygen atom or a sulfur atom, an alkenyl group having
2 to 10 carbon atoms which may be interrupted by an oxygen
atom or a sulfur atom, an alkynyl group having 2 to 10
carbon atoms which may be interrupted by an oxygen atom
or a sulfur atom, a benzyl group, or a phenyl group, the
phenyl group may be substituted with at least one monova-
lent group selected from the group consisting of an alkyl
group having 1 to 6 carbon atoms, a halogen atom, an alkoxy
group having 1 to 6 carbon atoms, a nitro group, a cyano
group, and an alkylthio group having 1 to 6 carbon atoms,
*] is a bond bonded to a carbon atom, and *2 is a bond
bonded to a nitrogen atom.

[0087] Examples of the alkyl group having 1 to 10 carbon
atoms which may be interrupted by an oxygen atom or a
sulfur atom include an alkyl group having 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, an
alkoxyalkyl group having 1 to 10 carbon atoms, an alkoxy-
alkoxyalkyl group having 1 to 10 carbon atoms, an alkylthio
group having 1 to 10 carbon atoms, and an alkylthioalkyl
group having 1 to 10 carbon atoms.

[0088] The alkyl group having 1 to 10 carbon atoms which
may be interrupted by an oxygen atom or a sulfur atom may
contain two or more oxygen atoms or sulfur atoms.

i—LﬁJ—E
*3—F CHy ot C—F Ot CHa 4

[0089] In Formula (7), m1 is an integer of O to 4, m2 is 0
or 1, m3 is 0 or 1, m4 is an integer of 0 to 2, provided that
when m3 is 1, m1 and m2 do not simultaneously become 0,
*3 is a bond bonded to a nitrogen atom, and *4 is a bond
bonded to a carbon atom.

[0090] X, in Formula (3) is preferably a divalent group
represented by Formula (6) from the viewpoint that the
effect of the present invention is suitably obtained.

M

<<Formula (B)>>

[0091] The polymer preferably further has a partial struc-
ture represented by Formula (B) different from the partial
structure represented by Formula (A) from the viewpoint of
better groove filling ability of a protective film formed of the
protective film forming composition and the viewpoint of
being easily dissolved in a solvent in the protective film
forming composition.

Formula (B)

o
o

O
@}

o~ \R{ ~o0~”
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[0092] InFormula (B),R,; is a divalent organic group, and
* is a bond.
[0093] R,, in Formula (B) is a group different from R,(C

(=O)OR,) n in Formula (A).
[0094] The bond in Formula (B) is preferably bonded to a
carbon atom.

<<Formula (11)>>

[0095] The polymer preferably further has a repeating unit
represented by Formula (11) different from the repeating
unit represented by Formula (1) from the viewpoint of better
groove filling ability of a protective film formed of the
protective film forming composition and the viewpoint of
being easily dissolved in a solvent in the protective film
forming composition. For example, the partial structure
represented by Formula (B) is a part of a repeating unit
represented by Formula (11).

#£ (11
0o 0
Il Il H OH H H OH H
P | T
A
Al A A3 Ay As Ag

[0096] InFormula(11),A,, A, A;, A, As,and Ag are each
independently a hydrogen atom, a methyl group, or an ethyl
group, Q is a divalent organic group, and Ru is a divalent
organic group.

[0097] R,, in Formula (11) is a group different from
R, (C(=0O)OR,)n in Formula (1).

[0098] Examples of Q include Q in Formula (1).

[0099] Examples of R;, include a divalent organic group
having 2 to 30 carbon atoms. Examples of the divalent
organic group having 2 to 30 carbon atoms include an
alkylene group having 2 to 10 carbon atoms.

[0100] R, is, for example, a residue obtained by removing
two carboxy groups from a dicarboxylic acid.

[0101] Examples of the dicarboxylic acid include aliphatic
dicarboxylic acids, alicyclic dicarboxylic acids, and aro-
matic group-containing dicarboxylic acids.

[0102] Examples of the aliphatic dicarboxylic acid include
malonic acid, dimethylmalonic acid, succinic acid, fumaric
acid, glutaric acid, adipic acid, muconic acid, 2-methyladi-
pic acid, trimethyladipic acid, pimelic acid, 2,2-dimethyl-
glutaric acid, 3,3-diethylsuccinic acid, azelaic acid, sebacic
acid, and suberic acid.

[0103] Examples of the alicyclic dicarboxylic acid include
1,1-cyclopropanedicarboxylic acid, 1,2-cyclopropanedicar-
boxylic acid, 1,1-cyclobutanedicarboxylic acid, 1,2-cy-
clobutanedicarboxylic acid, 1,3-cyclobutanedicarboxylic
acid, 3,4-diphenyl-1,2-cyclobutanedicarboxylic acid, 2,4-
diphenyl-1,3-cyclobutanedicarboxylic acid, 3,4-bis(2-hy-
droxyphenyl)-1,2-cyclobutanedicarboxylic acid, 2,4-bis(2-
hydroxyphenyl)-1,3-cyclobutanedicarboxylic acid,
1-cyclobutene-1,2-dicarboxylic acid, 1-cyclobutene-3,4-di-
carboxylic acid, 1,1-cyclopentanedicarboxylic acid, 1,2-cy-
clopentanedicarboxylic acid, 1,3-cyclopentanedicarboxylic
acid, 1,1-cyclohexanedicarboxylic acid, 1,2-cyclohexanedi-
carboxylic acid, 1,3-cyclohexanedicarboxylic acid, 1,4-cy-
clohexanedicarboxylic acid, 1,4-(2-norbornene) dicarbox-
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ylic acid, norbornene-2,3-dicarboxylic acid, bicyclo[2.2.2]
octane-1,4-dicarboxylic  acid, bicyclo[2.2.2]octane-2,3-
dicarboxylic acid, 2,5-dioxo-1,4-bicyclo[2.2.2]
octanedicarboxylic acid, 1,3-adamantanedicarboxylic acid,
4,8-dioxo-1,3-adamantanedicarboxylic acid, 2,6-spiro[3.3]
heptanedicarboxylic acid, and 1,3-adamantanediacetic acid.
[0104] Examples of the aromatic group-containing dicar-
boxylic acid include o-phthalic acid, isophthalic acid, tere-
phthalic acid, 5-methylisophthalic acid, 5-tert-butylisoph-
thalic acid, 5-aminoisophthalic acid, 5-hydroxyisophthalic
acid, 2,5-dimethylterephthalic acid, tetramethylterephthalic
acid, 1,4-naphthalenedicarboxylic acid, 2,5-naphthalenedi-
carboxylic acid, 2,6-naphthalenedicarboxylic acid, 2,7-
naphthalenedicarboxylic acid, 1,4-anthracenedicarboxylic
acid, 1,4'-anthraquinone dicarboxylic acid, 2,5-biphenyldi-
carboxylic acid, 4,4'-biphenyldicarboxylic acid, 1,5-biphe-
nylenedicarboxylic acid, 4,4"-terphenyldicarboxylic acid,
4.4'-diphenylmethanedicarboxylic  acid, 4,4'-diphenyle-
thanedicarboxylic acid, 4,4'-diphenylpropanedicarboxylic
acid, 4,4'-diphenylhexafluoropropanedicarboxylic acid, 4,4'-
diphenyl ether dicarboxylic acid, 4,4'-bibenzyldicarboxylic
acid, 4,4'-stilbenedicarboxylic acid, 4,4'-tolandicarboxylic
acid, 4,4'-carbonyldibenzoic acid, 4,4'-sulfonyldibenzoic
acid, 4,4'-dithiodibenzoic acid, p-phenylenediacetic acid,
3,3'-p-phenylenedipropionic acid, 4-carboxycinnamic acid,
p-phenylenediacrylic acid, 3,3'-(4-4'-(methylenedi-p-phe-
nylene))dipropionic acid, 4,4'-(4,4'-(oxydi-p-phenylene))di-
propionic acid, 4,4'-(4,4'-(oxydi-p-phenylene))dibutyric
acid, (isopropylidenedi-p-phenylenedioxy) dibutyric acid,
bis(p-carboxyphenyl)dimethylsilane,  1,5-(9-oxofluorene)
dicarboxylic acid, 3,4-furandicarboxylic acid, 4,5-thiaz-
oledicarboxylic acid, 2-phenyl-4,5-thiazoledicarboxylic
acid, 1,2,5-thiadiazole-3,4-dicarboxylic acid, 1,2,5-oxadiaz-
ole-3.4-dicarboxylic acid, 2,3-pyridinedicarboxylic acid,
2,4-pyridinedicarboxylic acid, 2,5-pyridinedicarboxylic
acid, 2,6-pyridinedicarboxylic acid, 3,4-pyridinedicarbox-
ylic acid, 3,5-pyridinedicarboxylic acid, and 6-pyridinedi-
carboxylic acid.

[0105] When the polymer has the partial structure (B')
represented by Formula (B), the molar ratio between the
partial structure (A') represented by Formula (A) and the
partial structure (B') represented by Formula (B) in the
polymer ((A'):(B")) is not particularly limited, but is prefer-
ably from 1:99 to 95:5, more preferably from 5:95 to 80:20,
and particularly preferably from 10:90 to 60:40.

[0106] When the polymer has the repeating unit (1') rep-
resented by Formula (1) and the repeating unit (11') repre-
sented by Formula (11), the molar ratio between the repeat-
ing unit (1") represented by Formula (1) and the repeating
unit (11") represented by Formula (11) in the polymer
((19:(11%) is not particularly limited, but is preferably from
1:99 to 95:5, more preferably from 5:95 to 80:20, and
particularly preferably from 10:90 to 60:40.

[0107] When the polymer has the repeating unit (1') rep-
resented by Formula (1), the molar ratio of the repeating unit
(1" represented by Formula (1) in all the repeating units of
the polymer is not particularly limited, but is preferably 1
mol % or more and 95 mol % or less, more preferably 5 mol
% or more and 80 mol % or less, and particularly preferably
10 mol % or more and 40 mol % or less.

[0108] When the polymer has the repeating unit (11')
represented by Formula (11), the molar ratio of the repeating
unit (11') represented by Formula (11) in all the repeating
units of the polymer is not particularly limited, but is
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preferably 5 mol % or more and 99 mol % or less, more
preferably 20 mol % or more and 95 mol % or less, and
particularly preferably 40 mol % or more and 90 mol % or
less.

<<Method for Manufacturing Polymer>>

[0109] The method for manufacturing the polymer is not
particularly limited, and examples thereof include a method
in which at least one of a tetracarboxylic acid dianhydride
represented by Formula (A,) and a tricarboxylic acid anhy-
dride represented by Formula (A,), a diepoxy compound
represented by Formula (2A), and a compound represented
by Formula (C) are reacted. In this case, a polymer having
a repeating unit represented by Formula (1) is obtained.
[0110] For example, at least one of a tetracarboxylic acid
dianhydride represented by Formula (A ) and a tricarboxylic
acid anhydride represented by Formula (A,), and a diepoxy
compound represented by Formula (2A) at an appropriate
molar ratio are dissolved in an organic solvent containing a
large excess amount of a compound represented by Formula
(C). Apolymer is obtained by polymerization in the presence
of a catalyst that activates an epoxy group.

[0111] When R, is a hydrogen atom, the compound rep-
resented by Formula (C) is not used, and another inert
organic solvent is used.

[0112] Examples of the method for manufacturing a poly-
mer include a method in which at least one of a tetracar-
boxylic acid dianhydride represented by Formula (A1) and
a tricarboxylic acid anhydride represented by Formula (A2),
a diepoxy compound represented by Formula (2A), a dicar-
boxylic acid represented by Formula (B1), and a compound
represented by Formula (C) are reacted. In this case, a
polymer having a repeating unit represented by Formula (1)
and a repeating unit represented by Formula (11) is obtained.
[0113] For example, at least one of a tetracarboxylic acid
dianhydride represented by Formula (Al) and a tricarbox-
ylic acid anhydride represented by Formula (A2), a diepoxy
compound represented by Formula (2A), and a dicarboxylic
acid represented by Formula (B1) at an appropriate molar
ratio are dissolved in an organic solvent containing a large
excess amount of a compound represented by Formula (C).
A polymer is obtained by polymerization in the presence of
a catalyst that activates an epoxy group.

[0114] When R? is a hydrogen atom, the compound rep-
resented by Formula (C) is not used, and another inert
organic solvent is used.

[0115] Examples of the catalyst for activating an epoxy
group include a quaternary phosphonium salt such as tetra-
butylphosphonium bromide or ethyltriphenylphosphonium
bromide, and a quaternary ammonium salt such as benzyl-
triethylammonium chloride. As the amount of the catalyst
used, an appropriate amount can be selected and used from
the range of 0.1 to 10 mass % with respect to the total mass
of the polymer raw material used in the reaction. As the
temperature and time for the polymerization reaction, for
example, optimum conditions can be selected from the range
of 80 to 160° C. and 2 to 50 hours.

Formula (A1)
e} e}
.
/N /N
O\ R /O
C \C
Il
¢} ¢}
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-continued
Formula (A2)

[0116] InFormula (Al)and Formula (A2), R is as defined
for R, in Formula (1).

(24)

/\ /\
HC—C—CH—Q—CH—C—CH

A Ay A Ay As A

[0117] In Formula (2A), A, A,, A5, A,, As, Ag, and Q are
as defined for A, A,, A5, A, A, Ay, and Q in Formula (1),
respectively.

HO—R, Formula (C)

[0118]
.

In Formula (C), R, is as defined for R, in Formula

Formula (B1)

o
o

&8 c. C &8
~o~ Ny { ~o”

[0119] In Formula (Bl), R, is as defined for R,, in
Formula (11).

[0120] Examples of the diepoxy compound represented by
Formula (2A) include the following diepoxy compounds.

ov/\o)k/ NTN%O/WO
O%HNTVA

ov/\o)k/ N\(I)I/N\)koﬁo
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[0121] Examples of the compound represented by For-
mula (C) include the following compounds.

OH
~
O /O
—oH )\/ OH 0 ~on
OH
/\/O
OH
\O/\/ /\/OH o
Lo

[0122] The weight average molecular weight Mw of the
polymer is not particularly limited, but is preferably 1,000 to
50,000, more preferably 1, 500 to 30, 000, and particularly
preferably 2,000 to 10,000.

[0123] In the present invention, the weight average
molecular weight Mw is a value in terms of polystyrene
measured by gel permeation chromatography (GPC).

<Solvent>

[0124] The solvent used in the protective film forming
composition is not particularly limited as long as it is a
solvent capable of uniformly dissolving contained compo-
nents that are solid at normal temperature, but generally, an
organic solvent used in a chemical solution for a semicon-
ductor lithography process is preferable. Specific examples
include ethylene glycol monomethyl ether, ethylene glycol
monoethyl ether, methyl cellosolve acetate, ethyl cellosolve
acetate, diethylene glycol monomethyl ether, diethylene
glycol monoethyl ether, propylene glycol, propylene glycol
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monomethyl ether, propylene glycol monoethyl ether, pro-
pylene glycol monomethyl ether acetate, propylene glycol
propyl ether acetate, toluene, xylene, methyl ethyl ketone,
methyl isobutyl ketone, cyclopentanone, cyclohexanone,
cycloheptanone, 4-methyl-2-pentanol, methyl 2-hydroxy-
isobutyrate, ethyl 2-hydroxyisobutyrate, ethyl ethoxyac-
etate, 2-hydroxyethyl acetate, methyl 3-methoxypropionate,
ethyl 3-methoxypropionate, ethyl 3-ethoxypropionate,
methyl 3-ethoxypropionate, methyl pyruvate, ethyl pyru-
vate, ethyl acetate, butyl acetate, ethyl lactate, butyl lactate,
2-heptanone, methoxy cyclopentane, anisole, y-butyrolac-
tone, N-methylpyrrolidone, N,N-dimethylformamide, and
N,N-dimethylacetamide. These solvents can be used singly,
or in combination of two or more kinds thereof.

[0125] Among these solvents, propylene glycol monom-
ethyl ether, propylene glycol monomethyl ether acetate,
ethyl lactate, butyl lactate, and cyclohexanone are prefer-
able. Propylene glycol monomethyl ether and propylene
glycol monomethyl ether acetate are particularly preferable.

<Crosslinking Agent>

[0126] Examples of the crosslinking agent contained as an
optional component in the protective film forming compo-
sition include melamine-based crosslinking agents having
an alkoxymethyl group, substituted urea-based crosslinking
agents, and polymer systems thereof.

[0127] The alkoxy groups include an alkoxy group having
1 to 10 carbon atoms, and examples thereof include a
methoxy group, an ethoxy group, a propoxy group, and a
butoxy group. Examples of the methyl group having the
alkoxy group include a methoxymethyl group, an ethoxym-
ethyl group, a propoxymethyl group, and a butoxymethyl
group. Preferably, the crosslinking agent is a crosslinking
agent having at least two crosslinking forming substituents,
and examples thereof include hexamethoxymethylmela-
mine, tetramethoxymethylbenzoguanamine, 1,3,4,6-tetrakis
(methoxymethyl)glycoluril (tetramethoxymethylglycoluril)
(POWDERLINK [registered trademark] 1174), 1,3,4,6-tet-
rakis (butoxymethyl)glycoluril, 1,3,4,6-tetrakis(thydroxym-
ethylglycoluril, 1,3-bisthydroxymethyl)urea, 1,1,3,3-tetra-

kis (butoxymethyl)urea, and 1,1,3,3-tetrakis
(methoxymethyl)urea.
[0128] As the crosslinking agent, a crosslinking agent

having high heat resistance can be used. As the crosslinking
agent having high heat resistance, a compound containing a
crosslinking substituent having an aromatic ring (for
example, a benzene ring or a naphthalene ring) in the
molecule can be used.

[0129] Examples of the compound include a compound
having a partial structure of Formula (H-1) and a polymer or
oligomer having a repeating unit of Formula (H-2).

Formula (H-1)
(OR'),,)
Y4

e
e
M(OR”)M
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Formula (H-2)
(OR),13

[0130] R',R'2 R'?, and R'*are each a hydrogen atom or
an alkyl group having 1 to 10 carbon atoms, and the
above-described examples can be used for these alkyl
groups.

[0131] ml satisfies 1=m1=(6-m2).
[0132] m?2 satisfies 1=m2<5.
[0133] m3 satisfies 1=m3=(4-m2).
[0134] m4 satisfies 1=m4=<3.

[0135] The compounds, polymers, and oligomers of For-
mula (H-1) and Formula (H-2) are exemplified below.

Formula (H-1-1)
OH

HO OH

g

Formula (H-1-2)
OH

HO OH

et

Formula (H-1-3)
OH

HO OH

3

Formula (H-1-4)
OH

HO OH

!
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Formula (H-1-5) Formula (H-1-11)

HO OH

OH

HO OH

OH

Formula (H-1-6)
o1 HO O on
H O

ol Formula (H-1-7) Formula (H-1-13)

Formula (H-1-12)
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Formula (H-1-8) Formula (H-1-14)
OH
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HO OH

MeO OMe
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Formula (H-1-15)

Formula (H-1-9)
o OH

MeO OMe

HO OH

%
ot

OH

[0136] In the formula, Me is a methyl group.

o Formula (H-1-10) Formula (H-1-16)

OH OH
HO OH

HO OH

!
3

OH
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Formula (H-1-17)
HO OH
HO OH
Formula (H-1-18)
HO OH
HOOH
HO OH
Formula (H-1-19)
HO OH
HO OH
HO OH

Formula (H-1-20)
Formula (H-1-21)

Formula (H-1-22)
OH

HO OH

Formula (H-1-23)

Formula (H-1-24)

MeO OMe
MeO OMe

20
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Formula (H-1-25)
HO OH
HO OH
OH OH OH
Formula (H-1-26)
HO OH
Ko O on
OH OH OH
Formula (H-1-27)
MeO OMe
MeO OMe
MeO OH OMe
[0137] In the formula, Me is a methyl group.
[0138] The above compounds can be available as products

of Asahi Organic Chemicals Industry Co., Ltd., and Honshu
Chemical Industry Co., Ltd. For example, a compound of
Formula (H-1-23) among the above crosslinking agents can
be available as trade name TMOM-BP from Honshu Chemi-
cal Industry Co., Ltd. A compound of Formula (H-1-20) can
be available as trade name TM-BIP-A from Asahi Organic
Chemicals Industry Co., Ltd.

[0139] In addition, the crosslinking agent may be a nitro-
gen-containing compound having, in one molecule, 2 to 6
substituents represented by Formula (1d) that bond to a
nitrogen atom, which is described in WO 2017/187969 A.

*/\OJ\/ORI

[0140] In Formula (1d), R, is a methyl group or an ethyl
group, and * is a bond bonded to a nitrogen atom.

[0141] The nitrogen-containing compound having 2 to 6
substituents represented by Formula (1d) in one molecule
may be a glycoluril derivative represented by Formula (1E).

(1d)
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(1E)

RO, / OR;
: (1E-3)

[0142] In Formula (1E), four R, are each independently a —d ; /\ 0—

methyl group or an ethyl group, and R, and Ry are each
independently a hydrogen atom, an alkyl group having 1 to
4 carbon atoms, or a phenyl group.

[0143] Examples of the glycoluril derivative represented
by Formula (1E) include compounds represented by For-
mula (1E-1) to Formula (1E-6). AE4)

—0 o—
(1E-1) < >_/

(1E-2) (1E-5)

o~ )= —~
AN AN
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-continued
(1E-6)

[0144] The nitrogen-containing compound having 2 to 6
substituents represented by Formula (1d) in one molecule is
obtained by reacting a nitrogen-containing compound hav-
ing, in one molecule, 2 to 6 substituents represented by
Formula (2d) that bond to a nitrogen atom with at least one
compound represented by Formula (3d).

2d)

N OR,
(3d)
OH

R,0 \

[0145] In Formula (2d) and Formula (3d), R, is a methyl
group or an ethyl group, R, is an alkyl group having 1 to 4
carbon atoms, and * is a bond bonded to a nitrogen atom.
[0146] The glycoluril derivative represented by Formula
(1E) is obtained by reacting a glycoluril derivative repre-
sented by Formula (2E) with at least one compound repre-
sented by Formula (3d).

[0147] The nitrogen-containing compound having 2 to 6
substituents represented by Formula (2d) in one molecule is,
for example, a glycoluril derivative represented by Formula
(2E).

(2B)

~T -
R40/ ; \OR4

[0148] In Formula (2E), R, and R are each independently
a hydrogen atom, an alkyl group having 1 to 4 carbon atoms,
or a phenyl group, and R, are each independently an alkyl
group having 1 to 4 carbon atoms.

May 15, 2025

[0149] Examples of the glycoluril derivative represented
by Formula (2E) include compounds represented by For-
mula (2E-1) to Formula (2E-4). Furthermore, examples of
the compound represented by Formula (3d) include com-
pounds represented by Formula (3d-1) and Formula (3d-2).

\O O/ (2B-1)
s
0 NI N>= 0
[@] J \\ [@]
/ \
(2E-2)
\O O/
~
o—j/N N>=o
—
/ \
(2E-3)
\O O/
P
~ L )=
—
/ \
(2E-4)
[@] \\N ) // [@]
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o (d-1)
w (3d-2)

HO
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[0150] For the content related to the nitrogen-containing
compound having, in one molecule, 2 to 6 substituents
represented by Formula (1d) which bond to a nitrogen atom,
the entire disclosure of W02017/187969 A is incorporated
herein by reference.

[0151] When a crosslinking agent is used, the content ratio
of the crosslinking agent is, for example, 1 mass % to 50
mass %, preferably 5 mass % to 30 mass % with respect to
the polymer having the partial structure represented by
Formula (A).

<Additive>

[0152] The protective film forming composition of the
present invention can contain, as an optional component, a
compound that is at least one of a compound represented by
Formula (1a) and a compound represented by Formula (1b)
in order to improve adhesion between a protective film
formed of the protective film forming composition and a
substrate.

(la)

#(HO) k
(1b)
Ry
-
Y
2(HO) F

[0153] In Formulas (1a) and (1b), R, is a single bond, an
alkylene group having 1 to 4 carbon atoms, or an alkenylene
group having 2 to 4 carbon atoms which has one or two
carbon-carbon double bonds, k is 0 or 1, m is an integer of
1 to 3, and n is an integer of 2 to 4.

[0154] Examples of the compound represented by For-
mula (1a) include compounds represented by Formula (1a-1)
to Formula (1a-19).

(1a-1)
oH

OH

(1a-2)
oH

OH
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(1a-3)
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[0155] Examples of the compound represented by For-
mula (1b) include compounds represented by Formula (1b-
1) to Formula (1b-31).
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-continued (16-30)
OH
HO,C
HO
(1b-31)
HO,C OH
HO

[0156] When a compound that is at least one of the
compound represented by Formula (1a) and the compound
represented by Formula (1b) is used, the content ratio of the
compound is, for example, 1 mass % to 50 mass %,
preferably 1 mass % to 30 mass %, and more preferably 1
mass % to 10 mass % with respect to the polymer having the
partial structure represented by Formula (A).

<Acid Generator>

[0157] As a curing catalyst contained as an optional com-
ponent in the protective film forming composition, both a
thermal acid generator and a photoacid generator can be
used, but it is preferable to use a thermal acid generator.
[0158] Examples of the thermal acid generator include
sulfonic acid compounds and carboxylic acid compounds
such as p-toluenesulfonic acid, trifluoromethanesulfonic
acid, pyridinium-p-toluenesulfonate (pyridinium-p-toluene-
sulfonic acid), pyridinium phenolsulfonate, pyridinium-p-
hydroxybenzenesulfonate (p-phenolsulfonic acid pyri-
dinium salt), pyridinium-trifltuoromethanesulfonate,
salicylic acid, camphorsulfonic acid, 5-sulfosalicylic acid,
4-chlorobenzenesulfonic acid, 4-hydroxybenzenesulfonic
acid, benzenedisulfonic acid, 1-naphthalenesulfonic acid,
citric acid, benzoic acid, and hydroxybenzoic acid.

[0159] Examples of the photoacid generator include an
onium salt compound, a sulfonimide compound, and a
disulfonyl diazomethane compound.

[0160] Examples of the onium salt compound include
iodonium salt compounds such as diphenyliodonium
hexafluorophosphate, diphenyliodonium trifluoromethane-
sulfonate, diphenyliodonium nonafluoro-normal-butane-
sulfonate, diphenyliodonium perfluoro-normal-octane-
sulfonate, diphenyliodonium camphorsulfonate, bis(4-tert-
butylphenyl)iodonium camphorsulfonate, and bis(4-tert-
butylphenyl)iodonium trifluoromethanesulfonate, and
sulfonium salt compounds such as triphenylsulfonium
hexafluoroantimonate, triphenylsulfonium nonafluoro-nor-
mal-butanesulfonate, triphenylsulfonium camphorsulfonate,
and triphenylsulfonium triffuoromethanesulfonate.

[0161] Examples of the sulfonimide compound include
N-(trifluoromethanesulfonyloxy )succinimide, N-(non-
afluoro-normal-butanesulfonyloxy)succinimide, N-(cam-
phorsulfonyloxy)succinimide, and N-(trifluoromethane-
sulfonyloxy)naphthalimide.

[0162] Examples of the disulfonyl diazomethane com-
pound include bis(triftuoromethylsulfonyl)diazomethane,
bis(cyclohexylsulfonyl)diazomethane, bis(phenylsulfonyl)
diazomethane, bis(p-toluenesulfonyl)diazomethane, bis(2,4-
dimethylbenzenesulfonyl)diazomethane, and methylsulfo-
nyl-p-toluenesulfonyl diazomethane.
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[0163] Only one kind of curing catalyst can be used, or
two or more kinds thereof can be used in combination.

[0164] When a curing catalyst is used, the content ratio of
the curing catalyst is, for example, 0.1 mass % to 50 mass
%, preferably 1 mass % to 30 mass % with respect to the
crosslinking agent.

<Other Components>

[0165] To the protective film forming composition, a sur-
factant can be further added in order to prevent generation
of pinholes, striations, or the like, and further improve the
coating property for surface unevenness. Examples of the
surfactant include nonionic surfactants, for example, poly-
oxyethylene alkyl ethers such as polyoxyethylene lauryl
ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl
ether, and polyoxyethylene oleyl ether, polyoxyethylene
alkylallyl ethers such as polyoxyethylene octylphenol ether
and polyoxyethylene nonylphenol ether, polyoxyethylene/
polyoxypropylene block copolymers, sorbitan fatty acid
esters such as sorbitan monolaurate, sorbitan monopalmi-
tate, sorbitan monostearate, sorbitan monooleate, sorbitan
trioleate, and sorbitan tristearate, and polyoxyethylene sor-
bitan fatty acid esters such as polyoxyethylene sorbitan
monolaurate, polyoxyethylene sorbitan monopalmitate,
polyoxyethylene sorbitan monostearate, polyoxyethylene
sorbitan trioleate, and polyoxyethylene sorbitan tristearate;
fluorine-based surfactants such as EFTOP EF301, EF303,
EF352 (trade name, manufactured by Tohkem Products
Corporation), MEGAFACE F171, F173, R-30, and R-40
(trade name, manufactured by DIC Corporation,), Fluorad
FC430 and FC431 (trade name, manufactured by Sumitomo
3M Limited), AsahiGuard AG710, Surflon S-382, SC101,
SC102, SC103, SC104, SC105, and SC106 (trade name,
manufactured by Asahi Glass Co., L.td.); and organosiloxane
polymer KP341 (manufactured by Shin-Etsu Chemical Co.,
Ltd.). The blending amount of these surfactants is usually
2.0 mass % or less, and preferably 1.0 mass % or less with
respect to the total solid content of the protective film
forming composition. These surfactants may be added sin-
gly, or may be added in combination of two or more kinds

thereof.

[0166]

ing composition, that is, the components excluding the

The nonvolatile content of the protective film form-

solvent is, for example, 0.01 mass % to 10 mass %.
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(Protective Film, Method for Manufacturing Substrate with
Protective Film, Method for Manufacturing Substrate with
Resist Pattern, and Method for Manufacturing Semiconduc-
tor Device)

[0167] The protective film of the present invention is a
baked product of a coating film formed of a protective film
forming composition.

[0168]

protective film of the present invention includes the step of

The method for manufacturing a substrate with a

applying the protective film forming composition of the
present invention onto a semiconductor substrate having
steps and baking the composition to form the protective film.
[0169]
resist pattern according to the present invention includes the
following steps (1) to (2).

[0170]

forming composition of the present invention onto a

The method for manufacturing a substrate with a

Step (1): a step of applying the protective film

semiconductor substrate and baking the composition to
form a protective film as a resist underlayer film
[0171]

on the protective film or with another layer interposed

Step (2): a step of forming a resist film directly

therebetween, and then performing exposure and devel-
opment to form a resist pattern

[0172] A method for manufacturing a semiconductor

device according to the present invention includes the fol-
lowing processes (A) to (D).

[0173] Process (A): a process of forming a protective

film using the protective film forming composition of

the present invention on a semiconductor substrate

having an inorganic film formed on a surface thereof
[0174]

directly on a protective film or with another layer

Process (B): a process of forming a resist pattern

interposed therebetween
[0175]

tective film using the resist pattern as a mask to expose

Process (C): a process of dry etching the pro-

the surface of the inorganic film
[0176]

ing the inorganic film with a semiconductor wet etching

Process (D): a process of wet etching and clean-

solution using the protective film after dry etching as a

mask
[0177]

Examples of the semiconductor substrate to which
the protective film forming composition of the present
invention is applied include silicon wafers, germanium
wafers, and compound semiconductor wafers such as gal-
lium arsenide, indium phosphide, gallium nitride, indium

nitride, and aluminum nitride.

[0178] When a semiconductor substrate having an inor-

ganic film formed on a surface thereof is used, the inorganic



US 2025/0155813 Al

film is formed by, for example, an atomic layer deposition
(ALD) method, a chemical vapor deposition (CVD) method,
a reactive sputtering method, an ion plating method, a
vacuum deposition method, or a spin coating method (spin
on glass: SOG). Examples of the inorganic film include a
polysilicon film, a silicon oxide film, a silicon nitride film,
a silicon oxynitride film, a boro-phospho silicate glass
(BPSG) film, a titanium nitride film, a titanium oxynitride
film, a tungsten nitride film, a gallium nitride film, and a

gallium arsenide film.

[0179]

substrate in which so-called vias (holes), trenches (grooves),

The semiconductor substrate may be a stepped

and the like are formed. For example, the via has a substan-
tially circular shape when viewed from the upper surface,
the diameter of the substantially circular shape is, for
example, 2 nm to 20 nm, and the depth is 50 nm to 500 nm,
and with regard to the trench, the width of the groove (recess
of the substrate) is, for example, 2 nm to 20 nm, and the

depth is 50 nm to 500 nm.

[0180]

film forming composition of the present invention have a

Since the compounds contained in the protective

small weight average molecular weight and average particle
size, the stepped substrate as described above can also be
filled with the composition without defects such as voids. It
is an important characteristic that there is no defect such as
a void, for the next steps of semiconductor manufacturing
(wet etching/dry etching of semiconductor substrate, resist

pattern formation).

[0181]

present invention is applied onto such a semiconductor

The protective film forming composition of the

substrate by an appropriate application method such as a
spinner or a coater. Thereafter, the protective film is formed
by baking using a heating means such as a hot plate. The
baking conditions are appropriately selected from a baking
temperature of 100° C. to 400° C. and a baking time of 0.3
minutes to 60 minutes. They are preferably a baking tem-
perature of 120° C. to 350° C. and a baking time of 0.5
minutes to 30 minutes, and more preferably a baking tem-
perature of 150° C. to 300° C. and a baking time of 0.8
minutes to 10 minutes. The thickness of the protective film
to be formed is, for example, 0.001 pm to 10 um, preferably
0.002 um to 1 um, and more preferably 0.005 um to 0.5 pm.

When the temperature at the time of baking is lower than the
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above range, crosslinking becomes insufficient, and thus
resistance of the protective film to be formed to a resist
solvent or a basic hydrogen peroxide aqueous solution may
be difficult to obtain. On the other hand, when the tempera-
ture at the time of baking is higher than the above range, the

protective film may be decomposed by heat.

[0182]

film formed as described above or with another layer inter-

A resist film is formed directly on the protective

posed therebetween, and then exposed and developed to

form a resist pattern.

[0183] The exposure is performed through a mask (reticle)
for forming a predetermined pattern, and for example, i-line,
KrF excimer laser, ArF excimer laser, extreme ultraviolet
(EUV), or electron beam (EB) is used. An alkaline developer
is used for development, and the conditions are appropri-
ately selected from a development temperature of 5° C. to
50° C. and a development time of 10 seconds to 300
seconds. As the alkaline developer, it is possible to use an
aqueous solution of an alkali, for example, an inorganic
alkali such as sodium hydroxide, potassium hydroxide,
sodium carbonate, sodium silicate, sodium metasilicate, or
ammonia water, a primary amine such as ethylamine or
n-propylamine, a secondary amine such as diethylamine or
di-n-butylamine, a tertiary amine such as triethylamine or
methyldiethylamine, an alcoholamine such as dimethyletha-
nolamine or triethanolamine, a quaternary ammonium salt
such as tetramethylammonium hydroxide, tetracthylammo-
nium hydroxide, or choline, a cyclic amine such as pyrrole
or piperidine, or the like. Furthermore, it is also possible to
add an appropriate amount of an alcohol such as isopropyl
alcohol or a surfactant such as a nonionic surfactant to the
aqueous solution of the alkali prior to use. Among them,
preferred developers are quaternary ammonium salts, more
preferably tetramethylammonium hydroxide and choline.
Furthermore, a surfactant or the like can be added to these
developers. It is also possible to use a method of performing
development with an organic solvent such as butyl acetate
instead of the alkaline developer, to develop a portion where
the alkali dissolution rate of the photoresist is not improved.

[0184] Next, the protective film is dry-etched using the

formed resist pattern as a mask. At that time, when the
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inorganic film is formed on the surface of the used semi-
conductor substrate, the surface of the inorganic film is
exposed, and when the inorganic film is not formed on the
surface of the used semiconductor substrate, the surface of
the semiconductor substrate is exposed.

[0185]

with a semiconductor wet etching solution using the pro-

Further, a desired pattern is formed by wet etching

tective film after dry etching as a mask (when a resist pattern
remains on the protective film, the resist pattern is also used
as a mask).

[0186]

eral chemical solution for etching a semiconductor wafer

As the semiconductor wet etching solution, a gen-

can be used, and for example, both a substance exhibiting
acidity and a substance exhibiting basicity can be used.
[0187]

include hydrogen peroxide, hydrofluoric acid, ammonium

Examples of the substance exhibiting acidity

fluoride, acidic ammonium fluoride, ammonium hydrogen
fluoride, buffered hydrofluoric acid, hydrochloric acid, nitric
acid, sulfuric acid, phosphoric acid, and a mixed solution
thereof.
[0188]

include ammonia, sodium hydroxide, potassium hydroxide,

Examples of the substance exhibiting basicity

sodium cyanide, potassium cyanide, and a basic hydrogen
peroxide solution obtained by mixing an organic amine such
as triethanolamine with a hydrogen peroxide solution to
make the pH basic. Specific examples thereof include SC-1
(ammonia-hydrogen peroxide solution). In addition, those
capable of making the pH basic, for example, those in which
urea and a hydrogen peroxide solution are mixed and heated
to cause thermal decomposition of the urea, thereby gener-
ating ammonia that finally makes the pH basic, can also be

used as a chemical solution for wet etching.

[0189] Among them, an acidic hydrogen peroxide solution
or a basic hydrogen peroxide solution is preferable.
[0190] These chemical solutions may contain an additive

such as a surfactant.

1 N
OHY\(\)\/NO OHTT\N(
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[0191]
wet etching solution is desirably 25° C. to 90° C., and more
desirably 40° C. to 80° C. The wet etching time is desirably

0.5 minutes to 30 minutes, and more desirably 1 minute to

The temperature during use of the semiconductor

20 minutes.

EXAMPLES

[0192] Next, the contents of the present invention will be
specifically described with reference to synthesis examples
and examples, but the present invention is not limited
thereto.
[0193]

mers shown in the following Synthesis Examples 1 to 5 are

The weight average molecular weights of the poly-

measurement results by gel permeation chromatography
(hereinafter, abbreviated as GPC). For the measurement, a
GPC instrument manufactured by Tosoh Corporation was

used, and measurement conditions and the like are as

follows.
[0194] Column temperature: 40° C.
[0195] Flow rate: 0.35 ml/min
[0196] Eluent: tetrahydrofuran (THF)
[0197] Standard sample: polystyrene (Tosoh Corpora-
tion)
Synthesis Example 1
[0198] To 3.00 g of monoallyl diglycidyl isocyanurate

(product name: MA-DGIC, manufactured by Shikoku
Chemicals Corporation), 1.45 g of 3,3'4,4'-benzophenon-
etetracarboxylic dianhydride (manufactured by Tokyo
Chemical Industry Co., Ltd.), 0.80 g of succinic acid (manu-
factured by Tokyo Chemical Industry Co., L.td.), and 0.09 g
of tetrabutylphosphonium bromide (manufactured by Hokko
Chemical Industry Co., Ltd.) in a reaction flask, 21.97 g of
propylene glycol monomethyl ether was added. The
obtained mixture was heated and stirred in the reaction flask
at 120° C. for 5 hours under a nitrogen atmosphere. The
obtained reaction product corresponded to Formula (x-1),
and the weight average molecular weight Mw thereof mea-

sured in terms of polystyrene by GPC was 3380.

(x-1)
MeO.

OO
oL

MeO

[0199] In the formula, Me is a methyl group.
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Synthesis Example 2

[0200] To 3.00 g of monoallyl diglycidyl isocyanurate
(product name: MA-DGIC, manufactured by Shikoku
Chemicals Corporation), 1.61 g of 33" 4,4'-diphe-
nylsulfonetetracarboxylic dianhydride (manufactured by
Tokyo Chemical Industry Co., Ltd.), 0.80 g of succinic acid
(manufactured by Tokyo Chemical Industry Co., [td.), and
0.09 g of tetrabutylphosphonium bromide (manufactured by
Hokko Chemical Industry Co., Ltd.) in a reaction flask,
22.62 g of propylene glycol monomethyl ether was added.
The obtained mixture was heated and stirred in the reaction
flask at 120° C. for 5 hours under a nitrogen atmosphere. The
obtained reaction product corresponded to Formula (x-2),
and the weight average molecular weight Mw thereof mea-
sured in terms of polystyrene by GPC was 5220.

e}

[0201] In the formula, Me is a methyl group.
Synthesis Example 3
[0202] To 3.00 g of monoallyl diglycidyl isocyanurate

(product name: MA-DGIC, manufactured by Shikoku
Chemicals Corporation), 0.87 g of trimellitic anhydride
(manufactured by Tokyo Chemical Industry Co., Ltd.), 0.80

g of succinic acid (manufactured by Tokyo Chemical Indus-

try Co., L.td.), and 0.09 g of tetrabutylphosphonium bromide

HOYNYO o 0
e

/ @¢
OH Y \( OH OH O
A A (“r ¢©
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*-2)
MeO

m

(manufactured by Hokko Chemical Industry Co., [.td.) in a
reaction flask, 19.63 g of propylene glycol monomethyl
ether was added. The obtained mixture was heated and
stirred in the reaction flask at 120° C. for 5 hours under a
nitrogen atmosphere. The obtained reaction product corre-
sponded to Formula (x-3), and the weight average molecular
weight Mw thereof measured in terms of polystyrene by

GPC was 2830.

ot

[0203]

x-3)

In the formula, Me is a methyl group.
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Synthesis Example 4

[0204] To 3.00 g of monoallyl diglycidyl isocyanurate
(product name: MA-DGIC, manufactured by Shikoku
Chemicals Corporation), 0.44 g of 1,2,3 4-cyclobutanetet-
racarboxylic dianhydride (manufactured by Tokyo Chemical
Industry Co., Ltd.), 1.06 g of succinic acid (manufactured by
Tokyo Chemical Industry Co., Ltd.), and 0.09 g of tetra-
butylphosphonium bromide (manufactured by Hokko
Chemical Industry Co., Litd.) in a reaction flask, 19.00 g of
propylene glycol monomethyl ether was added. The
obtained mixture was heated and stirred in the reaction flask
at 120° C. for 5 hours under a nitrogen atmosphere. The
obtained reaction product corresponded to Formula (x-4),
and the weight average molecular weight Mw thereof mea-
sured in terms of polystyrene by GPC was 2340.

[0205] In the formula, Me is a methyl group.
Synthesis Example 5
[0206] To 3.00 g of monoallyl diglycidyl isocyanurate

(product name: MA-DGIC, manufactured by Shikoku
Chemicals Corporation), 0.44 g of 1,2,3 4-cyclobutanetet-
racarboxylic dianhydride (manufactured by Tokyo Chemical
Industry Co., Ltd.), 1.18 g of glutaric acid (manufactured by

/
o OYN\(O o
/QVNTNQ\/OMO
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(x-4)

m

Tokyo Chemical Industry Co., Ltd.), and 0.09 g of tetra-
butylphosphonium bromide (manufactured by Hokko
Chemical Industry Co., Ltd.) in a reaction flask, 19.50 g of
propylene glycol monomethyl ether was added. The
obtained mixture was heated and stirred in the reaction flask
at 120° C. for 5 hours under a nitrogen atmosphere. The
obtained reaction product corresponded to Formula (x-5),
and the weight average molecular weight Mw thereof mea-
sured in terms of polystyrene by GPC was 3910.

(x-5)

m
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Example 1

[0207] To 7.36 g of a solution of the reaction product
corresponding to Formula (X-1) (solid content: 18.6 mass
%), 0.26 g of 3,3',5,5'-tetrakis(methoxymethyl)-4,4'-dihy-
droxybiphenyl (product name: TMOM-BP, manufactured by
Honshu Chemical Industry Co., Ltd.), 0.04 g of pyridinium
trifluoromethanesulfonate (manufactured by Tokyo Chemi-
cal Industry Co., Ltd.), 0.01 g of a surfactant (product name:
MEGAFACE R-40, manufactured by DIC Corporation),
19.48 g of propylene glycol monomethyl ether, and 2.84 g
of propylene glycol monomethyl ether acetate were added to
prepare a solution. The solution was filtered through a
polyethylene microfilter having a pore size of 0.02 um to
prepare a protective film forming composition.

Example 2

[0208] To 7.39 g of a solution of the reaction product
corresponding to Formula (X-2) (solid content: 18.5 mass
%), 0.26 g of 3,3',5,5'-tetrakis(methoxymethyl)-4,4'-dihy-
droxybiphenyl (product name: TMOM-BP, manufactured by
Honshu Chemical Industry Co., Ltd.), 0.04 g of pyridinium
trifluoromethanesulfonate (manufactured by Tokyo Chemi-
cal Industry Co., Ltd.), 0.01 g of a surfactant (product name:
MEGAFACE R-40, manufactured by DIC Corporation),
19.45 g of propylene glycol monomethyl ether, and 2.84 g
of propylene glycol monomethyl ether acetate were added to
prepare a solution. The solution was filtered through a
polyethylene microfilter having a pore size of 0.02 um to
prepare a protective film forming composition.

Example 3

[0209] To 7.71 g of a solution of the reaction product
corresponding to Formula (X-3) (solid content: 17.7 mass
%), 0.26 g of 3,3',5,5'-tetrakis(methoxymethyl)-4,4'-dihy-
droxybiphenyl (product name: TMOM-BP, manufactured by
Honshu Chemical Industry Co., Ltd.), 0.04 g of pyridinium
trifluoromethanesulfonate (manufactured by Tokyo Chemi-
cal Industry Co., Ltd.), 0.01 g of a surfactant (product name:
MEGAFACE R-40, manufactured by DIC Corporation),
19.12 g of propylene glycol monomethyl ether, and 2.84 g
of propylene glycol monomethyl ether acetate were added to
prepare a solution. The solution was filtered through a
polyethylene microfilter having a pore size of 0.02 um to
prepare a protective film forming composition.

Example 4

[0210] To 7.93 g of a solution of the reaction product
corresponding to Formula (X-4) (solid content: 17.2 mass
%), 0.26 g of 3,3',5,5'-tetrakis(methoxymethyl)-4,4'-dihy-
droxybiphenyl (product name: TMOM-BP, manufactured by
Honshu Chemical Industry Co., Ltd.), 0.06 g of pyridinium
trifluoromethanesulfonate (manufactured by Tokyo Chemi-
cal Industry Co., Ltd.), 0.01 g of a surfactant (product name:
MEGAFACE R-40, manufactured by DIC Corporation),
18.90 g of propylene glycol monomethyl ether, and 2.84 g
of propylene glycol monomethyl ether acetate were added to
prepare a solution. The solution was filtered through a
polyethylene microfilter having a pore size of 0.02 um to
prepare a protective film forming composition.

Example 5

[0211] To 7.71 g of a solution of the reaction product
corresponding to Formula (X-5) (solid content: 17.7 mass
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%), 0.13 g of 3,3',5,5'-tetrakis(methoxymethyl)-4,4'-dihy-
droxybiphenyl (product name: TMOM-BP, manufactured by
Honshu Chemical Industry Co., Ltd.), 0.06 g of pyridinium
trifluoromethanesulfonate (manufactured by Tokyo Chemi-
cal Industry Co., Ltd.), 0.01 g of a surfactant (product name:
MEGAFACE R-40, manufactured by DIC Corporation),
19.12 g of propylene glycol monomethyl ether, and 2.84 g
of propylene glycol monomethyl ether acetate were added to
prepare a solution. The solution was filtered through a
polyethylene microfilter having a pore size of 0.02 um to
prepare a protective film forming composition.

Example 6

[0212] To 7.76 g of a solution of the reaction product
corresponding to Formula (X-4) (solid content: 17.2 mass
%), 0.13 g of 3,3',5,5'-tetrakis(methoxymethyl)-4,4'-dihy-
droxybiphenyl (product name: TMOM-BP, manufactured by
Honshu Chemical Industry Co., Ltd.), 0.05 g of pyridinium
trifluoromethanesulfonate (manufactured by Tokyo Chemi-
cal Industry Co., [td.), 0.04 g of gallic acid, 0.01 g of a
surfactant (product name: MEGAFACE R-40, manufactured
by DIC Corporation), 19.16 g of propylene glycol monom-
ethyl ether, and 2.84 g of propylene glycol monomethyl
ether acetate were added to prepare a solution. The solution
was filtered through a polyethylene microfilter having a pore
size of 0.02 um to prepare a protective film forming com-
position.

Comparative Example 1

[0213] To 825 g of a solution of a reaction product
obtained by the method described in Synthesis Example 12
ot W02020/026834 (a copolymer corresponding to Formula
(1n) and having a weight average molecular weight of 4500
as measured in terms of polystyrene by GPC) (solid content:
16.4 mass %), 0.05 g of pyridinium trifluoromethane-
sulfonate (manufactured by Tokyo Chemical Industry Co.,
Ltd.), 0.01 g of a surfactant (product name: MEGAFACE
R-40, manufactured by DIC Corporation), 18.05 g of pro-
pylene glycol monomethyl ether, and 2.84 g of propylene
glycol monomethyl ether acetate were added to prepare a
solution. The solution was filtered through a polyethylene
microfilter having a pore size of 0.02 pum to prepare a
protective film forming composition.

(1m)
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[Resist Solvent Resistance Test]

[0214] Each of the protective film forming compositions
prepared in Examples 1 to 6 and Comparative Example 1
was applied (spin coated) onto a silicon wafer with a spin
coater. The silicon wafer after application was heated on a
hot plate at 220° C. for 1 minute to form a coating (protec-
tive film) having a thickness of 150 nm. Next, in order to
confirm solvent resistance of the protective film, the silicon
wafer on which the protective film had been formed was
immersed for 1 minute in a mixed solvent obtained by
mixing propylene glycol monomethyl ether and propylene
glycol monomethyl ether acetate at a mass ratio of 7:3,
spin-dried, and then baked at 100° C. for 30 seconds. The
film thickness of the protective film before and after immer-
sion in the mixed solvent was measured with an optical
interferometry film thickness gauge (product name: Nano-
Spec 6100, manufactured by Nanometrics Japan Ltd.).
[0215] In the evaluation of solvent resistance, the film
thickness reduction rate (%) of the protective film due to
removal by solvent immersion was calculated and evaluated
from the following calculation formula.

Film thickness reduction rate (%)=((A-B)+A)x100

[0216] A: Film thickness before solvent immersion
[0217] B: Film thickness after solvent immersion
[0218] The results are shown in Table 1. When the film

thickness reduction rate is about 1% or less, it can be said
that the film has sufficient solvent resistance.

TABLE 1
Example Film thickness reduction rate
Example 1 0.1%
Example 2 0.0%
Example 3 0.2%
Example 4 0.0%
Example 5 0.0%
Example 6 0.0%
Comparative Example 1 0.3%
[0219] From the above results, the protective film forming

compositions of Examples 1 to 6 and Comparative Example
1 had a very small change in film thickness after immersion
in a solvent. Thus, the protective film forming compositions
of Examples 1 to 6 have sufficient solvent resistance to
function as a protective film.

[Test for Resistance to Hydrogen Peroxide Solution]

[0220] As an evaluation of resistance to a hydrogen per-
oxide solution, each of the protective film forming compo-
sitions in Examples 1 to 6 and Comparative Example 1 was
applied onto a substrate having 50 nm thick titanium nitride
(TiN) deposited, and heated at 220° C. for 1 minute to form
a protective film having a thickness of 150 nm. Next, 20
mass % hydrogen peroxide was prepared. The TiN deposited
substrate that had coated with the protective film forming
composition was immersed in this 20 mass % hydrogen
peroxide solution heated to 70° C., and the time from
immediately after the immersion until the coating film
(protective film) was fogged or damaged was measured. The
results of the test for resistance to the hydrogen peroxide
solution are shown in Table 2. It can be said that the longer
the resistance time, the higher the resistance to the wet
etching solution using the hydrogen peroxide solution.
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TABLE 2
Example Resistance time of protective film
Example 1 300 sec
Example 2 250 sec
Example 3 300 sec
Example 4 300 sec
Example 5 300 sec
Example 6 350 sec
Comparative Example 1 50 sec
[0221] From the results in the above table, it was shown

that the coating films produced using the protective film
forming compositions prepared in Examples 1 to 6 have
sufficient resistance to the hydrogen peroxide aqueous solu-
tion. That is, it was found that these coating films can serve
as a protective film against a hydrogen peroxide aqueous
solution. In addition, it can be said that they exhibit good
resistance to a wet etching solution using a hydrogen per-
oxide solution as compared with that in Comparative
Example 1. Thus, since Examples 1 to 6 exhibit good
chemical resistance to a hydrogen peroxide solution as
compared with Comparative Example 1, they are useful as
a protective film against a semiconductor wet etching solu-
tion.

[Evaluation of Ability of Filling Substrate for Filling Ability
Evaluation]

[0222] A processed silicon substrate was produced by
depositing a silicon oxide film of about 20 nm using a
chemical vapor deposition (CVD) method on a silicon
substrate in which 50 nm trenches (L (line)/S (space)) had
been formed, and the processed silicon substrate had a
silicon oxide film formed on the trench surface portion. The
protective film forming composition of Example 5 was
applied onto the processed silicon substrate (after silicon
oxide film deposition: 10 nm trenches (L (line)/S (space)).
Thereafter, heating was performed on a hot plate at 220° C.
for 1 minute to form a protective film having a film thickness
of about 150 nm. Using a scanning electron microscope
(SEM), the cross-sectional shape of the substrate with
trenches (FIG. 1) on which the protective film had been
formed was observed to evaluate filling ability. In the
protective film forming composition of Example 5, it can be
seen that the substrate with 10 nm trenches (L (line)/S
(space)), which are gaps between silicon oxide films, is filled
with the composition without generation of voids and the
like (FIG. 2). For reference, a photograph of the case of
filling failure is shown in FIG. 3. A portion (Z) surrounded
by a white circle in FIG. 3 is a portion where a filling failure
occurred.

1. A protective film forming composition for forming a
protective film that protects an inorganic film formed on a
surface of a semiconductor substrate against wet etching, the
protective film forming composition comprising:
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a polymer having a partial structure represented by For-
mula (A) and a solvent,

Formula (A)

in Formula (A), R, is an (n+2)-valent organic group, R, is
a hydrogen atom or an alkyl group having 1 to 13
carbon atoms which may be substituted with at least
one group selected from the group consisting of an
alkoxy group having 1 to 13 carbon atoms, an alkyl-
carbonyloxy group having 2 to 13 carbon atoms, an
alkoxycarbonyl group having 2 to 13 carbon atoms, an
alkylthio group having 1 to 13 carbon atoms, a nitro
group, an alkylsulfonyloxy group having 1 to 13 carbon
atoms, and an alkoxysulfonyl group having 1 to 13
carbon atoms, n is 1 or 2, when n is 2, two R, may be
same or different, and * is a bond.
2. The protective film forming composition according to
claim 1, wherein the polymer has a repeating unit repre-
sented by Formula (1):

Formula (1)
- _
Ao
~N C C
T O T T T T T
A~ A A A A A A
C=0
|
(@]
|
Ry
L SN~ _

in Formula (1), A, A,, A;, A,, As, and A, are each
independently a hydrogen atom, a methyl group, or an
ethyl group, Q is a divalent organic group, R, is an
(n+2)-valent organic group, R, is a hydrogen atom or
an alkyl group having 1 to 13 carbon atoms which may
be substituted with at least one group selected from the
group consisting of an alkoxy group having 1 to 13
carbon atoms, an alkylcarbonyloxy group having 2 to
13 carbon atoms, an alkoxycarbonyl group having 2 to
13 carbon atoms, an alkylthio group having 1 to 13
carbon atoms, a nitro group, an alkylsulfonyloxy group
having 1 to 13 carbon atoms, and an alkoxysulfonyl
group having 1 to 13 carbon atoms, n is 1 or 2, and
when n is 2, two R, may be same or different.

3. The protective film forming composition according to
claim 1, wherein the polymer further has a partial structure
represented by Formula (B) different from the partial struc-
ture represented by Formula (A),

34
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Formula (B)
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in Formula (B), R, is a divalent organic group, and * is
a bond.
4. The protective film forming composition according to
claim 2, wherein Q in Formula (1) is a divalent organic
group represented by Formula (3):

&)

in Formula (3), X, is a divalent group represented by
Formula (4), Formula (5), or Formula (6), Z5 and Z, are
each independently a direct bond or a divalent group
represented by Formula (7), and * is a bond,

@)

®)

©)

in Formulas (5) and (6), R? and R, are each independently
a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms which may be interrupted by an oxygen atom or
a sulfur atom, an alkenyl group having 2 to 10 carbon
atoms which may be interrupted by an oxygen atom or
a sulfur atom, an alkynyl group having 2 to 10 carbon
atoms which may be interrupted by an oxygen atom or
a sulfur atom, a benzyl group, or a phenyl group, the
phenyl group may be substituted with at least one
monovalent group selected from the group consisting
of an alkyl group having 1 to 6 carbon atoms, a halogen
atom, an alkoxy group having 1 to 6 carbon atoms, a
nitro group, a cyano group, and an alkylthio group
having 1 to 6 carbon atoms, R, and R, may be bonded
to each other to form a ring having 3 to 6 carbon atoms,
* is a bond, *1 is a bond bonded to a carbon atom, and
*2 is a bond bonded to a nitrogen atom,

in Formula (6), Ry is a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms which may be interrupted
by an oxygen atom or a sulfur atom, an alkenyl group
having 2 to 10 carbon atoms which may be interrupted
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by an oxygen atom or a sulfur atom, an alkynyl group
having 2 to 10 carbon atoms which may be interrupted
by an oxygen atom or a sulfur atom, a benzyl group, or
a phenyl group, the phenyl group may be substituted
with at least one monovalent group selected from the
group consisting of an alkyl group having 1 to 6 carbon
atoms, a halogen atom, an alkoxy group having 1 to 6
carbon atoms, a nitro group, a cyano group, and an
alkylthio group having 1 to 6 carbon atoms, *1 is a
bond bonded to a carbon atom, and *2 is a bond bonded
to a nitrogen atom,

[CH =t C 35[0 ns— [CHa ] ==

in Formula (7), m1 is an integer of 0 to 4, m2 is O or 1,
m3 is 0 or 1, m4 is an integer of 0 to 2, provided that
when m3 is 1, ml and m2 do not simultaneously
become 0, *3 is a bond bonded to a nitrogen atom, and
*4 is a bond bonded to a carbon atom.

5. The protective film forming composition according to

claim 1, further comprising a crosslinking agent.

6. The protective film forming composition according to
claim 1, further comprising a compound that is at least one
of a compound represented by Formula (la) and a com-
pound represented by Formula (1b):

M

*3

(1a)
HO

)Y
[

VAN
n(HO) F
(1b)
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in Formulas (la) and (1b), R, is a single bond, an alkylene
group having 1 to 4 carbon atoms, or an alkenylene
group having 2 to 4 carbon atoms which has one or two
carbon-carbon double bonds, k is O or 1, m is an integer
of 1 to 3, and n is an integer of 2 to 4.

7. A protective film against a semiconductor wet etching
solution, the protective film being a baked product of a
coating film formed of the protective film forming compo-
sition according to claim 1.

8. A method for manufacturing a substrate with a protec-
tive film, the method comprising the step of applying the
protective film forming composition according to claim 1
onto a semiconductor substrate having steps and baking the
protective film forming composition to form the protective
film.

9. A method for manufacturing a substrate with a resist
pattern that is used in semiconductor manufacturing, the
method comprising:

a step of applying the protective film forming composition
according to claim 1 onto a semiconductor substrate
and baking the protective film forming composition to
form a protective film as a resist underlayer film; and

a step of forming a resist film directly on the protective
film or with another layer interposed between the resist
film and the protective film, and then performing expo-
sure and development to form the resist pattern.

10. A method for manufacturing a semiconductor device,
the method comprising: a step of forming a protective film
using the protective film forming composition according to
claim 1 on a semiconductor substrate having an inorganic
film formed on a surface; a step of forming a resist pattern
directly on the protective film or with another layer inter-
posed between the resist pattern and the protective film; a
step of dry etching the protective film using the resist pattern
as a mask to expose a surface of the inorganic film; and a
step of wet etching and cleaning the inorganic film with a
semiconductor wet etching solution using the protective film
after dry etching as a mask.
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